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INTRODUCTION : 

Accurate determinations of creatinine clearance 
is imperative to avoid in appropriate doses of drugs 
excreted by the kidneys . Creatinine clearance may be 
predicted or measured by 24 hour urine collection. 

Spinal cord injury patients present several problems. 
Complete urine collection is difficult owing to neuro- 
genic bladder in addition to the inherent difficulties 
of collecting a 24 hour specimen in an institutional 
setting. Thus reliance upon prediction methods often 
is increased owing to delays in actual measurement of 
creatinine clearance. Also aminoglycoside treatment 
of urinary tract infection is frequent in spinal cord 
injury patients. The accuracy of the prediction method 
must be relied upon to prevent aminoglycoside 
nephrotoxicity. Many of the current methods to predict 
creatinine clearance were derived from an analysis of 
the creatinine production of 474 neurological ly intact 
hospitalized patients (Kampmann & Associates, 1974). 

It was seen that the validity of using these predictive 
equations and nomograms in spinal cord injury patients 
is not proper as Mohler et al (1986) found that the 24 
hour urinary creatinine production in spinal cord injury 
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patients is less as compared to age and sex matched 
controls recorded by Kampmann Sc Associates (1974) . 
Mohler et al proposed two simple equations and 
nomograms for more accurate prediction of creatinine 
clearance in spinal cord injury patients. 

There are no reports available about creatinine 
clearance in spinal cord injury cases in Indian 
population. 

So the present work has been designed to 
evaluate creatinine production and clearance in spinal 
coard injury cases in Bundelkhand region and compared 
the results with age and sex matched controls reported 
by Kampmann and Associates (1974) . 


AIMS & OBJECTIVES : 


lo To evaluate the creatinine production and 

clearance in spinal cord injury patients. 

2. To compare the results of creatinine production 

and clearance in spinal coird injury patients of 
Bundelkhand Region with age and sex matched 
neurological ly intact hospitalized patients 
recorded by Kampmann & Associates. 
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REVIEW OF LITERATURE 
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REVIEW OF LITERATURE 

For the creatinine clearance a lot of work has 

been done in different categories of patients. Creatinine 

excretion has a definite relation to a fat free mass (car 

lean body mass) , The lean body mass is considered to be 

directly propotional to active tissue mass. It provides 

total body weight for expression of such factors as meta- 

24 

boiism# nutritional requirements and drug doses . 

The lean body mass (Kg) is equal to 20,97 + 0,5161 

(urinary creatinine excretion mg/hour) . Table for easy 

calculation of lean body mass (LBVO from height and weight 

3 0 

is introduced by R, Hume (1966) , 

The relation of creatinine clearance to muscle 
mass has been earlier studied and summarized in monographs 
by Hunter# Breard# and Brody^^'^*^, 

Male have a higher creatinine concentration and a 

greater excretion than female with same creatinine clearance 

lo73 per square meter# is probably due to male*s relatively 

28 

larger muscular mass * Negative nitrogen and calcium 

7 

balance result from immobalization alone and even greater 

11 6 

changes follow skeltal and spinal cord trauma , Atrophy 

31 ' 

of musculature results in persistant changes in body 
composition. 
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Siersback - Nielsen and Co-workers (1971) 
purposed the equitions and nomogram to predict creatinine 
clearance, - 

5 

In 1976 Cockcroft and Gault suggested a formula 
to predict creatinine clearance from serum creatinine in 
male • 

Creatinine Clearance = 

In female the creatinine clearance would be 15% 


)-Aae 


/ears , 


72 X serxun Cr. mg% 



less than male. 


Predicted & Measured creatinine clearance by 
Cockcroft and Gault 














They compared 

from same equations & 

These equations are - 

1 . Creatinine _ 

Clearance ~ 

2 o Creatinine _ 

clearance 


the predicted creatinine clearance 
nomogram to their measured values. 


100 - 12 (ml/min/lo73 mt^K 

Scr (rag%) (Jelliffe, 1971)^^ 

98-16 (Aqe-20) 

scr . 73 mt^) 


•CJelliffe, 1973) 
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Creatinine 

clearance 


V® (">Vrain/l.73 

ICEdward & \^hyte,1953) 


The predicted creatinine clearance by equation 
no, 3 Vs measured was not presented by Cockcroft & Gault, 
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Hackler and Associates listed most common causes 
of decreased renal function in paraplegics as, pyeloneph- 
ritis, renal amyloidosis, renal calculus disease, non 

23 22 

obstructive hydronephrosis and vesicoureteral reflux ' . 

The comparative studies have been done in paraplegics with 

pO Q IQ 

vesicoureteral reflux or without ' * • 


In 1979 Wheeler and Scheiner advised that urine 
method to asses creatinine clearance may actually be 

2 1 

preferable to traditional method in the routine setting , 

R,W, Jelliffe had shown that bed side estimation 

of creatinine clearance to calculate the drug doses, was 
15 

necessary , The equation was compared with a computer 
programme for estimation of creatinine clearance^"^. 
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This simple equation also agrees with nomogram 
developed by Siersback - Nielsen and Collagues. 

A computer assisted programme for Gentamicin & 
Kannamycin therapies in normal and reduced renal function 
has been given by Jelliffe R,W.# Night R, Buell Kalaba 
R, and Rockwell \ 

Biological half life of drug primarily excreted 
by the kidney# is prolonged in patients with impaired renal 
functions# in some instances alternate pathways of meta- 
bolism become increasingly important. These informative 

33 

data are shown in tabular form by Bennett et al , 

The toxicity of digitalis in elderly is due to 
decreased creatinine production will cause serum creatinine 

in normal range despite of decreased glomerular filtration 

1 n 

rate (GBR) . 

In 1974 Kampmann Siersback-Nielsen# lOristensen & 

19 

Henson reported the variation in creatinine clearance 
according to age, sex and weight and creatinine clearance 
were evaluated in hospitalized 368 patients with normal 
renal function and 106 with abnormal renal function. They 
were able to generate a popular nomogram - 
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''Nomogram for rapid evaluation of endogenous 
Creatinine clearance" 

With a ruler join weight to age, keep ruler at 
crossing point of line marked R. Then move the right hand 
side of the ruler to the appropriate serum creatinine value 
and read the patients clearance from the left side of the 
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nomogram 


Body weight/ urinary volume and creatinine 
excretion increase with age to a maximum level in both 
male and female, Ubinary excretion gradually decreases 
with age in male (further) and significantly reduce from 
the maximum level by eight decade. A similar, less well 
defined pattern occur in female. The creatinine out put 
significantly become higher in male than femalef 

Previous attempts to predict creatinine clearance 
in spinal cord injury patients have been reported. 

34 

In 1982 Sawyer &. Hutchins examined 5 quadriplegics 
9 paraplegics, 2 stroke patients and 2 patients suffering 
from multiple Sclerosis. The predicted creatinine clearance 
levels exceeded the true creatinine clearance by 31 percent 
when actual body mass was used. If lean body mass was used, 
instead of actual body weight, predicted creatinine clearance 
exceeded measured levels by 19 percent. 

25 

In 1983 Mirhamadi & Associates examined the validi- 
ty of the Cockcroft & Gault formula to predict creatinine 
clearance in 36 male quadriplegics and 22 male paraplegics . 
The predicted exceeded the measured creatinine clearance by 
67% in quadriplegics and 26% in paraplegics. Therefore, 
they applied a correlation factor that would adjust the 
Cockcroft & Gault predicted creatinine clearance. If the 
patient was quadriplegic, the Cockcroft & Gault predicted 
creatinine clearance value was multiplied by 0.6 and if 
paraplegics, by 0,8, 



In 1986 Mohler et al'^ studied 101 spinal cord 
injury patients (79 male; 22 female; 43 quadriplegic 58 
paraplegics) found that Kampmann and Associates nomogram 
was improper to spinal cord injury patients to predict 
creatinine clearance and they recorded a new equation and 


nomogram . 


CLEARANCE (ml/min) 



INTERVAL - 
(months) ■ 


(mg %) 

5.0 

4.0 

3.0 

2.0 
1.5 
1.2 
0.9 
0.7 

0.5 

0.4 


Nomogram for evaluation of creatinine clearance 
in quadriplegics . With ruler, connect patient 
weight with interval of injury for appropriate 
sex. Note point of intersection on R line and 
keep ruler there (this is pivot point) • Turn 
right end of ruler to appropriate serum creati~ 
nine (S.crO value. Point where ruler intersects 
scale at left side will indicate clearance in 
ml , per minute . 
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Nomogram for evaluation of creatinine clearance in 
paraplegics ♦ with ruler# connect interval, of , 
.'injury to patient age to determine creatinine pro- 
duc.tio.n* B# once creatinine production is deter- 
mined#,; connect creatinine production. ' (CP) for, 
appropriate sex to. patient weight# Note po.int of 
.intersection' o.n.R line and keep ruler there. .Turn 
right end of ruler to appropriate serum creatinine 
(S,cr) value and left, scale will indicate clearance 
, in. 'ml ♦ per, minute # , 
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& Associates compared measured creatinine 
clearance Vs predicated# to Cockcroft & Gault# Jelliffe & 
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Predicted versus measured creatinine clearance (C cr) . 
Creatinine clearance producted by 3 popular nomograms 
or equations is plotted as function of actual creatinine 
clearance as measured in 101 spinal cord injury pts . 

(Open circles on white background indicate predicted 
creatinine clearance that exceeds measured clearance . 
Conversely# white circles on black background indicate 
predicted creatinine clearance that is less than 
measured clearance . 




13 



MEASURED Ccr (ml /min) 

predicted versus measured creatinine clearance 
(Ccr), Creatinine clearance producted by 
equations is plotted as function of actual 
measured creatinine clearance in 38 spinal cord 
injury patients. 

In 1988 Mohler , Ellison and Flangan^"^ have 
studied 6 predicted equation by various workers and reported 
that Sawyer & Hutchins equation is better than others. 

In 1990 Kaji et al observed that in spinal cord 

injury patients, urinary creatinine production was decreased 

but they could not explain its relation with age, sex or 
18 

body weight • 






MMERIAL & METHODS 


The parameters of age (years)# sex# height (cm)# 
weight (kg)# serum creatinine (mg/o) and 24 hour urinary 
creatinine production (mg / kg/ 24 hour) were measured 
in 28 consecutive spinal cord injury patients (15 male# 

13 female# 12 quadriplegics and 16 paraplegics) admitted 
to Orthopaedic wards of M.L.B. Medical College# Hospital# 
Jhansi, 

Seriam and urinary creatinine levels were quantitat- 
ed by Jaffe Method without deproteinization. All of the 
subjects had stable renal function at the time of 
inclusion of case into the study. 

The creatinine production of these patients was 
compared to age and sex matched neurologic ally intact 
hospitalized patients reported by Kampmann & Associates, 
The difference in creatinine production w&.S analysed 
for statistical significance by the unpaired student 
t' test. 

The various factors that might influence the 24 
hour urinary creatinine production in spinal cord injury 
patients were examined sequentially. Quadriplegics were 
compared to paraplegics and male to female by unpaired 
student t* test. The effects of age upon creatinine 
production were examined by regression analysis. 


METHOD 



JAFFE ^^ETHaD WITHOUT DEPR0TEIMI2ATI0H ; 

2 point reaction rate measurement in 2 minutes 
(Bartels H. et al# 1971) * 

Test Principle ; 

Creatinine forms a coloured complex with picrate 
in alkaline medium. The rate of formation of the 
complex is measured. 

Sample Material ; 

Serum, heparinized plasma, urine, 

Reagents. : 


SI, 

No, 

Contents 

Initial concentration of 
solutions 

1. 

Standard 

(Creatinine) 

2 mg/100 ml 

(177 micromol/lit .) 

2. 

Picric Acid 

35 m mol/ lit. 

3. 

NaoH 

0.32 mol/lit. 

Preparation and stability of 

reagents : 

1. 

Used reagents undiluted and stable up to the 

expiry date specified when stored at + 15 to 


+ 25°c 



Jin 


2, Diluted 1 part by volume of NaoH with 4 parts 
by volume of redist. water. 

3, Prepared a 1 + 1 mixture of picric acid with 
diluted KaoH at least 30 minutes before starting 
the assay. 

Sample Preparation : 

Hemolysis interferes with test. serum or plasma 
can be stored upto 24 hours at + 4°c, 

Dilute fresh urine 1+49 with redist, water. 

Procedure : 

Wave length Hg 492 nm (490 - 510 nm) 
Spectrophotometer : 490 nm 
Curette : 1 cm light path 

Temperature ; + 25°c 

One standard is sufficient for each reagent 
mixture . 


Pipette into curette 

Standard 

Sample 

Reagent mixture 

2,0 ml 

2,0 ml 

Standard solution 

0,2 ml 

- 

Sample 

- 

0,2 ml 
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Mixed and stopwatch is started at the same time • 
i^ter 30 seconds absorbance A1 is read of standard and 
sample respectively and exactly 2 minutes later absor- 
bance A2 is read of standard & sanple* 

A2 - A1 A sample or A standard 

If the creatinine concentration exceeded to 10 mg% 
in serurr\/plasma or 500 mg% in urine. 

Then the serum# plasma or diluted urine was 
diluted 1+4 with ,9% Nad solution and repeat assay 
(result X 5) . 


Calculation : 


Creatinine concentration (c) 

A sample 


2o0 X 


A standard 


in serum or plasma, 
(mg / 100 ml) 


Creatinine concentration (c) in urine, 

= = ^ tag/ 100 ml) 


CREATININE CLEARANCE : It can be measured and predicted. 


Measured Cr, Gl« c gMq% in urine Urine volume 
(Ml/Min) "c^Mg^ in serum x Ml/24 hour 

24 X 60 


Nomogram reported by Kampmann and Associates was 
used to predict creatinine clearance. 
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^Horaograai for rapid •valttation of andoganoua 
Craatlnine claaucanca” 

With a ruler# Join %««lght to age, keep ruler at 
erosaing point of line marked R, Then move the right hand 
side of the ruler to the appropriate serum creatinine value 
and read the patients elearanoe from the left side of the 
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OBSERVATION 

The present work was under taken on spinal cord 
injury patients admitted to Orthopaedic and emergency 
wards of M.L.B. Medical College Hospital, Jhansi during 
a period of one year viz, from July, 1991 to June, 

1992. 

The study group consisted of 28 spinal cord 
injury patients including 15 male, 13 female and 16 
paraplegics and 12 quadriplegics. All the patients 
of spinal cord injury were not recovered from paralysis. 
The control group was taken from the age and sex matched 
neurological ly intact hospitalized 123 patients (out of 
474) reported by Kampmann & Associates (1974) . It 
consisted of 54 male and 69 female (Table - 1). 

Table - 1, shows the creatinine production 
(Both in male and female) in defferent age groups of 
neurological ly intact hospitalized patients studied by 
Kampmann & Associates. 




Table - 1 


CREATININE PRODUCTION IN CONTROL 
GROUP 


SI. 

No. 

Age groups 

No. of 
patients 

Body Serum 

weight creat- 
(kg) inine 

(mg%) 

Creatinine 

production 

(mg/kg/day) 

MALE 






lo 

20 - 29 

12 

68.4 

0.99+0.16 

23,8+2 .3 

2. 

30 - 39 

10 

70.9 

1.14+0.22 

21.9+1.5 

3. 

40 - 49 

32 

77.5 

1.10+0.20 

19.7+3.2 

FEMALE 





1. 

20 - 29 

32 

58.1 

0o89+0ol7 

19.7+3.9 

2. 

30 - 39 

14 

60.9 

0,91+0.17 

20.4+3 .9 

3. 

60 - 69 

23 

65.4 

0.97+0.17 

12.9+2.6 


Creatinine Production 

in Spinal Cord Injury patients 


(a) Male and 

Female patients - 

•M 



Table - 2 depicts the creatinine production in 


15 male spinal cord injury patients in relation to age 
(years) height (cm)/ weight (Kgs)/ urinary creatinine ( mg%) / 
serum creatinine (mg%) / interval since injury (weeks) and 
24 hour urinary volume (ml) . 


CREATININE PRODUCTION IN MALE SPINAL CORD 



(n 

'iz; 

w 

H 

< 

cu 

a; 

iz; 

H 





The mean age was 34.26 + 8,22 years. The height 
was 161.8 + 6,43 cm. Mean weight was, recorded as 
49,8 ■+ 5,36 kgs. The values of urinary creatinine were 
recorded as 43.63 + 25.11 rag%/ while serum creatinine 
was 0.71 + 0,17 mg%o In all these patients the interval 
since injury was noticed as 39.8 + 42,98 weeks. The 
value of 24 hours urinary volume was 2350 * 1059.19 ml. 

The creatinine production was measured as 15,9 + 1.54 mg/ 
kg/day, 

I 

‘ 

Table - 3 describes the mean creatinine production 
(mg/kg/day) in male spinal cord injury patients in ^ 

relation to different age groups. The mean creatinine 
productions in age groups of 20 to 29 years, I 

Table - 3 ’■ i 

MALE SPINAL CORD INJURY PATIENTS 



SI. 

No. 

Age groups 
(years) 

No, of 
patients 

Mean 

Creatinine 

Production 

(mg/kg/day) 

1 

; ! 

S.D. 1 

1. 

20 - 29 

4 

16.95 

0.1265 

2. 

30 - 39 

6 

14.47 

2,009 


3 


40 - 49 


5 


14,57 


0.359 
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30 to 39 years and 40 to 49 years were 16,95 + 
0,1265(r 14,47 + 2,009 and 14,57 + 0,359 mg/kg/day 
respectively , 

Table 4 shows the creatinine production in 13 
female spinal cord injury patients in relation to age 
(gm) height (cm), weight (kgs), urinary creatinine (mg/i) , 
serum creatinine, interval after injury (weeks) an d 
24 hours urine volume (ml). The mean age and height were 
42,46 t 17o96 (year) and 152,15 + 3,05 cm respectively. 
Mean weight was recorded 45 + 13.16 kgs. The value of 
urinary creatinine was recorded as 32,72 + 16.83 mg%, 
while serum creatinine was 0,77 + 0.14 mg%. In these 
patients the interval since injury and 24 hour urinary 
volume were 10.6 + 3,66 weeks and 1855 + 431,32 ml 
respectively. The mean measured volume for creatinine 
production was 12,87 + 3,60 mg/kg/day. 


CREATININE PRODUCTION IN FEMALE SPINAL CORD 
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Table - 5 depicts the mean creatinine production 
in female spinal cord injury patients in relation to 
different age groups. The mean values for creatinine 
productions in age groups 20 to 29, 30 to 39 and 40 to 
49 years were 18.09 + 1.792, 13.03 + lo378 and 9.59 + 
1,681 mg/kg/day respectively. 


Table - 5 


FEMALE SPINAL CORD INJURY PA.TIENTS 


SI. 

No, 

Age groups 
(yrs) 

No. of 
patien- 
ts 

Mean 

creatinine 

production 

(mg/kg/day) 

S.D. 

1. 

20-29 

03 

18,09 

1.792 

2. 

30-39 

05 

13.03 

1.378 

3, 

60-69 

05 

09.59 

1.681 


Table 6 and 7 describe the details of creatintoe 
production (mg/kg/day) in 149 males and 219 females with 
serum creatinine / lo4 mg% and 51 male and 55 females 
with elevated serum creatinine in different age groups of 
males (table 6) and females (table 7) in relation to body 
weight (kg) , serum creatinine (mg%) and urinary creatinine 
(mg%) • All these 474 controls were neurologically intact 
hospitalized patients studied by Kampmann and Associates 
(1974) . 



CREATININE PRODUCTION IN MALE OBSERVED BY 
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The age and sex matched groups of individuals 
were selected and served as controls. The detail is 
in table - 1. 


In table - 8 the comparison of creatinine production 
in males and females of study groups versus control group 
is depicted . 

In male category, the differences in creatinine 
productions in different age groups viz 20 to 29, 3C to 
39 and 40 to 49 years were (df = 14, t = 9.28, p^ ,001), 
(d.f. =14, t = 14. 81, p^. 001) and (df =35, t = 4.34, 
p^.OOl) . The difference in each group was highly signifi- 
cant. 


Table - 8 

CREATININE PRODUCTION (mg/kg/day) 

* * ^ » jf — » * 

;S. ;AGE GROUP.-MO.OF; MEAN C.P. :N0.0F:PtEAN C.P.iDf.; t : P : 
:N0.: CYRS) : PTS ; (+-S.D.) ; PIS :(+-S.D.) : : : : 


* HAiit * 

^ ^ ^ * 


1 

20 

- 29 

4 

;16.95+-.1265; 

12 

:23.9+-2.3;14 

9.28 

<0.001 

2 

30 

~ 39 

6 

:15.47+-2.009; 

10 

:21.9+-1.5!l4 

14.31 

<0.001 

3 

40 

- 49 

5 

:14.57+-.359 : 

32 

:19.7+-3.2;35 

4.34 

<0.001 

FEMALE 

i 

20 



- 29 

^ 

3 

- ^ - . ^ 

:18.09+-1.792: 

32 

: 19. 7 +-3.9: 33 

0.77 

>0 . 40 

2 

30 

- 39 

5 

:13.03+-1.378: 

14 

:20.4+-3.9;17 

6.21 

<0.001 

3 

60 

- 69 

5 

:9.59+-1.681 : 

23 

. * • 

:12.9+-2.6;26 

3.48 

<-.0.01 


an 


In female category, the difference in creatinine 
production in 20 to 29 years was (df = 33, t = .77 
p "7 ,40) not statistically significant. There were only 
3 patients in study group. Therefore, they could not be 
examined statistically. In 30 to 39 years the difference 
was (d,f, = 17, t = 6,21, p^.OOl) highly significant. 

In 60 to 69 years, it was (d.f. 26, t = 3,48, p ^.01) 
also significant. 

Table 9 shows the difference in creatinine 
production among males and females of spinal cord injury 
patients in matching age groups (studied group) . 


Table - 9 


COMPARISON OF C.P. IN MALE & FEI-IALE 
SPINAL CORD INJURY PATIENTS 


SI. 

NOo 

Age group 
(yrs) 


MALE 


FEMALE 


No. of 
pts . 

C.Po 

(mg/dg/day) 

nisan + S«D# 

No. of 
pts . 

C.P. 

(mg/kg/day) 
Mean + S.b. 

1. 

20-29 

4 

16.95+ 0,1265 

3 

18.09 + 

1.792 

2. 

30-39 

6 

15o47+ 2.009 

5 

13.03 + 

1.379 


Total 

10 

16,06+ 1.303 

8 

14,92 + 

1.516 



d.f. 

= 16, t = 1.72, p7o05 



The difference in creatinine production (d.f ,=16, 
t=1.72, p'~7,05) in between male and female spinal cord 
injury patients was not statistically significant. 


Ct>) Paraplegic and Quadriplegic patients 


Table 10 depicts the creatinine production (rag/ 
kg/day) in 16 paraplegics (both male and female) spinal 
cord injury patients in relation to age (years) height 
(cm), weight (kgs), urinary creatinine (mg%) , serum 
creatinine im0O , interval after injury (weeks) and 24 
hour urinary volume (ml). 

For this group of patients the mean age was 31.81 
+ 6.77 years and the height was 155 + 8,21 cm. Mean weight 
was noticed 44,23 + ^0 ^2 T’he values of urinary 

creatinine were recorded as 45 + 24,63 mg% while semm 
creatinine was 0,80 + 0,14 mg%. Interval since injury and 
24 hour urine volume in all paraplegics were 30,93 + 43.47 
weeks and 2092,39 + 653,86 ml respectively. The creatinine 
production was measured as 15.88 +1,83 mg/kg/day. 

In table 11, the creatinine production in 12 
quadriplegics in relation to age (years), height (cm), 
weight (kg), urinary creatinine (mg%) , serum creatinine 
(mg%i , interval since injury (weeks) and 24 hour urine 
volume (ml) has been described. 



CREATININE PRODUCTION IN PARAPLEGIC SPINAL CORD 
INJURY PATIENTS 
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In these data the mean age and height v^ere 
calculated 47.25 + 16.90 year and 159 + 5.28 cm 
respectively. The mean weight was recorded as 46,45 + 7.91 
kgs . The values of creatinine in urine and serum viere 
found 29.95 + 16.26 and 0.70 t 0,29 mg% respectively. The 
value for 24 hour urine was recorded as 2625 + 975.25 ml. 

In all quadriplegics the interval since injury was 20,6 + 
12,07 weeks and creatinine production was found 13.89 + 
3,70 mg/kg/day. 

Table 12 shows the difference in creatinine 
production in quadriplegic and paraplegic spinal cord 
injury patients . 

Table - 12 

COFIPARISOl'I OF CREATININE PRODUCTION IN 
PARAPLEGIC AND QUADRIPLEGIC 


Paraplegics Quadriplegics 


NOoOf 

pati- 

ents 

Mean 

creatinine 

production 

S.D, 

No. of 
pati- 
ents 

Mean 

creatinine 

production 

S.D, 

16 

15,88 

1,83 

12 

13.89 

3.70 


mg/kg/day 

mg/kg/day 


mg/kg/day 

mg/kg/day 


d.f. = 26, 

t = 1.99, 

p7.05 




The difference was (d.f 

. = 26, 

t = 1.99, p7.05) 


not significant 
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(C) The relations ill p of creatinine production with 

age and interval s ince injury in spinal cord injury 
patients (Paraplegics & Quadriplegics) . 

C.(a) - Relationship between interval after spinal cord 
injury and creatinine production in paraplegics and 
quadriplegics . 

(i) Paraplegics - Figure 1 and table 13 demonstrate a 
relationship in between creatinine production mg/kg/day 
and interval after spinal cord injury weeks. Interval is 
denoted on X-axis and creatinine production mg/kg/day is 
on Y-axis. The density of dots shows that as the interval 
increases, the creatinine production decreases. Best-fit 
line is constmcted by regression analysis. It shows a 
significant correlation r = -0,565, p/.05 between creatinine 
production and interval after injury. 

2 

The square of correlation cofficients (r = 0.31) 
indicates that approximately 31 percent variation in 
creatinine production in paraplegics can be explained by 
the interval after injury. The regression equation is 
Y = 16.58 - 0*(?231 X, 


Table - 13 



SI. 

KO, 

Sex 

Interval 
since injury 
(weeks) 

1. 

F 

05 

2. 

F 

07 

3. 

F 

11 

4. 

F 

10 

5. 

M 

45 

6* 

M 

09 

7. 

M • 

190 

8. 

M 

30 

9. 

F 

07 

10. 

M 

48 

11. 

M 

40 

12. 

M 

07 

13. 

F 

06 

14. 

E 

07 

15. 

F 

15 

16. 

M 

50 


35 


’LEGICS VEH3US 


Creatinine 

Production 

(mg/kg/day) 


15.52 

15.65 

20.60 

16.00 

15.10 


13 .94 


11.30 

16.89 

15.89 

17.13 
16,42 
14,82 
15.87 

17.14 
16 .53 
15.72 


CREATININE PRODUCTICN CREATININE PRODUCTION 

(mg/kg/day) (ing/k§/day) 



INTERVAL AFTER INJURY (Weeks 
Figure - 2 



20 30 40 50 

INTERVAL AFTER INJURY (Weeks) 


Creatinine production plotted as function of intervi 
after spinal cord injury. Best-fit line is construe 
by regression analysis. Paraplegic (fig-1) Quadripl 
(fig-2) . 





(ii) Quadriplegics : Figure 2 and table 14 show the 


relationship in between quadriplegics and interval since 
injury (weeks) . If the age group 60 years and above were 
included in regression analysis. The best-fit line was 
parallel to X-axis. So age group 60 years and above were 
excluded from regression analysis. 

Table - 14 

CREATININE PRODUCTION IN QUADRIPLEGIC VERSUS 
INTERVAL SINCE INJURY 


SI. 

No. 

Sex 

Interval 
since injury 
(weeks) 

Creatinine 
production 
(mg/kg/24 hrs) 

1. 

M 

08 

16.57 

2. 

M 

38 

16.90 

3. 

M 

28 

16.53 

4. 

M 

27 

16.79 

5. 

M 

15 

17.00 

6. 

M 

50 

16.00 

7. 

M 

12 

17.39 


The density of dots shows that as interval since 
injury increases# creatinine production decreases. Best- 
fit line is constructed by regression analysis. It shows 
a significant correlation (r = -0,715# p/.OS) in between# 
creatinine production of quadriplegics and interval after 
injury. 
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The square of correlation cofficient (r^ = o 
indicates that approximately 51 percent variation in 
creatinine production can be explained by the interval 
after injury in quadriplegics. 

C. (b) . Relationship between age & creatinine production 
in paraplegics and quadriplegics . 

(i) Paraplegics ; Figure 3 and table 15 indicate the 

creatinine production versus age in paraplegics. 

In paraplegic the age of the patients correlated 

significantly with creatinine production (r = -0,652, 

p ^,05). Again regression equation (Y = 20.93 - 0,159 x) 

is calculated and best-fit line is constructed which shows 

the decreasing creatinine production with increasing the 

2 

age square of cofficient (r = 0,425) indicate that 42,5 
percent of the variation increatinine production may be 
explained for by age in paraplegics. The regression 
equation Is as Y = 20.93 - 0,159 x. 


Table - 15 


CREATININE PRODUCTION IN PARAPLEGIC VERSUS AGE 


SI. 

No. 

Age 

Sex 

Creatinine production 

1. 

30 

P 

15,52 

2. 

36 

F 

15.65 

3 . 

20 

F 

20.60 

4 . 

34 

F 

16.00 

5. 

36 

M 

15.10 

6 « 

48 

M 

13.94 

7. 

35 

M 

11.30 

8. 

25 

M 

16.89 

9. 

35 

F 

15.58 

10. 

25 

M 

17.13 

11 . 

30 

M 

16.42 

12. 

40 

M 

14.82 

13. 

35 

p 

15.87 

14. 

25 

F 

17.14 

15. 

20 

F 

16.53 

16. 

35 

M 

15.72 



CREATININE PRODUCTION CREATININE PRODUCTION 


40 




Y= 20.93 - 0.159 x 
r = - 0.652 


AGE (Years) 
F inure - 4 


- .024 X 
81 



AGE (Years ) 

Creatinine ^production plotted as function of age 
Best-fit line is constructed by regression 
analysis. Paraplegic (Pig - 3) Quadriplegic 
(Fig-4) 


■ 







E'igure 4 and table 16 show the 


(ii) Quadriplegics : 
creatinine production versus age in quadriplegics. 

If the age group 60 years and above were included 
in the regression analysis. The best fit line was parallel 
to X-axis . So the age group 60 years and above were 
excluded from the regression analysis. 

In quadriplegics, the age is also correlated 
significantly (r = -0.681, P(/«05) with creatinine production. 
The best-fit line shows that creatinine production in 
quadriplegics also decreases as age increased. Again 
46.37 percent (r = 0,4637) of the variation in creatinine 
production may be explained for the by age in quadriplegic 
patients . 

Table - 16 

CREATININE PRODUCTION IN QUADRIPLEGIC VERSUS 

AGE 

SI, ' Age c- Creatinine production 

No. (yrs) (mg/kg/day) 


1, 40 M 

2, 35 M 

3, 45 M 

4, 20 M 

5, :: : :23 M 

6, 45; M 

7, 32 ■ M 


16.57 

16.90 

16.53 

16.79 

17.00 

16.00 
17.39 


B. The creatinine clearance in spinal cord injury 
patients : 

(a) Comparison of measu red and predicted creatinine 
clearance in male. 

In table 17# the mean measured creatinine clearance 
for male patients was 77.03 + 15,17 ml/min# v/hile the other 
values for mean urinary creatinine# serum creatinine and 
urine volume in 24 hour were 43,63 + 25,71 mg%# 0,71 + 0,17 
mg'^o and 2350 + 1059,19 ml respectively. The mean age and 
weight were recorded as 34.26 + 8.22 year and 49,8 + 5,36 
kgs respectively. 

The mean predicted creatinine clearance from 
nomogram constructed by Kampmann & Associates was 105 + 

17,53 ml/min. 

The predicted creatinine clearance in male was 
26,64% exceeded than measured. The difference (df = 26# 
t = 3.98# p /,001) was highly significant. 

(b) Comparison of predicted and measured creatinine 
clearance in female ; 

The table 18 shows the measured creatinine clearance 
in female spinal cord injury patients was 50,53 + 18,57 ml/ 
min at the mean age and weight 42,46 + 17,96 years and 
45 + i3.16 kgs respectively. While the other values were 
recorded as urinary creatinine 32.72 + 16,83 mg# serum 
creatinine 0*77 + 0,14 mgh. and 24 hour urine volume 1855 
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From the nomogram the predicted creatinine 
clearance was 72.38 + 20.95 ml/min. 

In female the predicted value was 30.19% exceeded 
that of measured. The difference (d.f. = 24, t s= 2,84, 
p ^.01) was significant. 

(c) , Comparison of creatinine cleara nc e i n male and 
female ; ~ 

(i) Measured creatinine clearance j The table 19 
shows the mean measured creatinine clearance in male and 
female were 77.03 + 15,17 and 50.53 + 18,57 ml/min 
respectively. The difference was (d.f, = 26, t = 4.54, 
p /.OOl) highly significant. 

Table -■ 19 

COMPARISON OP CREATININE CLEARANCE IN MALE & FEMALE 


Creatinine 

MALE 


FEMALE 

clearance 

(ml/min) 

NOoOf Mean Cr.ci, 
pts. + S.D. 

ml/min 

No, of 
pts . 

Mean Cr.Cl, 

± S.D. 
ml/min 

Measured 

15 77.03 + 15.17 

13 

50.53 + 18.57 

Predicted 

15 105.00 + 17.53 

13 

72.38 + 20.65 

For 

For 

measured Cr.Cl. df = 

predicted Cr.Cl, df = 

26, t 

26, t 

= 4.54, p/,001 
= 4.18, p/.OOl 



4n 


Cii) Predicted Great. inlne clearance ; The mean predicted 
creatinine clearance in male and female were 105 + 17.5 3 
and 72,38 + 20,65 ml/min respectively. The difference 
shown in table 17 (df = 26, t *= 4.18, p^.OOl was highly 
significant. 

(d) Comparison of measured creatinine clearance in 
Paraplegic and Quadriplegic patients : 

Table 20 shows the mean measured creatinine 
clearance in paraplegic and quadriplegic 60.53 + 19.13 
and 67.74 + 22,81 ml/min respectively. The difference 
(df = 26, t = 0,913, p 7«2) was not significant. 


Table - 20 


COMPARISON OF CREATININE CLEARANCE IN PARAPLEGIC 
Al® QUADRIPLEGIC PATIENTS 


No. of 

Paraplegic 

No. of 

Quadriplegic 

patients 

Cr.Cl. + S.D. 

patients 

Cr.Cl, t S-D. 

16 

60.53 + 19.13 

12 

67.74 + 22.81 


df « 26, t » 0.913, p 70.2 
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DISCUSSION 


To assess the renal function, the use of 
creatinine clearance as a diagnostic tool is not new. 
Rehberg (1926) first utilized the endogenous creatinine 
clearance as a measure of glomerular filtration rate. 

The difficulty of collecting 24 hours urine specimen in 
hospitalized patients and delays in laboratory analysis 
have promoted several methods to estimate creatinine 
clearance that do not require any collection of urine 
but depend upon easily and quickly measured parameters. 

The age, height, weight, and serum creatinine have been 
used co3OTnonly to predict creatinine clearance in neuro~ 
logically intact hospitalized patients by 3 popular 
methods . 

In 1971, Siersbaek-NiiJBlsen suggested the following 
equations for male and female respectively. 


Creatinine 

clearance 

(male) 

Creatinine 

clearance 

(female) 


wt X (29.3 - (.203 X age) ) (1 ,035- ( .0337 
X Scr) X 

.jj.' 14^4 


wt X (25.1-(.175xaqe)) (1 .035- ( .0337xScr) ) 

Scr X 14,4 


From these equations the nomogram was also construct- 
ed by Siersbaek-Nvitlsen. 


In present study when predicted creatinine 
clearance of 28 spinal cord Injury neurologlcally 
abnormal, hospitalised patients by these equations 
were compared to measured creatinine clearance. The 

predicted values were high than measured (Pig- 1 , a 

table) 


lelliffe RW (1973) proposed the equations 


(i) Cr.cl. 
(male) 

(ii) Cr.cl. 
(female) 


98 - 0,8 (Age ■.-- 20^ 
Scr 

98 - 0.8 (Age 

Scr ^ ~ 


X .90 


On comparison of predicted creatinine clearance 
of 28 spinal cord injury patients with measured value, 
the predicted values were high than measured as shown. 
(Pig - 2, ^ table) , 

Cockcroft and Gault 1976 published the equation 
and gave the idea to estimate creatinine clearance with 
the help of age, weight and serum creatinine. 


Creatinine clearance 
(male) 


X (140 - Age: 
72 X Scr 


A multiplication factor (.85) was applied to 
predict the creatinine clearance in female. By this 
equation the predicted values also over estimated than 
measured (Pig - 3, ^ table) . 
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In 1974, Kampmann and Associates evaluated a 
creatinine clearance of 368 hospitalized patients with 
normal renal functions and 106 patients with abnormal 
renal functions from the assessment of age, height, 
weight, serum creatinine and 24 hours urinary creatinine 
production. They introduced a popular nomogram. 

The predicted values of 28 neurologically 
abnormal patients by Kampmann and Associates 's nomogram 
in this study exceeded that of measured (Pig-4, ^ table). 

The 24 hours urinary creatinine production in 
Kampmann and Associates' controls exceeded that of spinal 
cord injury patients in this work by 28 percent in male 
and 27 percent in female. While age group wise, the study 
group was compared to control group, the difference in 
creatinine production in males in between 20--29, 30-39 and 
40-49 years were (p^.OOl) highly significant. 

In case of female these were also significant 
except age group (20-29) years. 

In that group there were only 3 patients. Therefore, 
statistically the difference could not be calculated. 


The inadequacy of these equations to predict 
creatinine clearance in spinal cord injury patients is 
demonstrated graphically inh'g. >-*• ;. 1 & 2# 3 & 4, Therefore, 
a, better means to estimate creatinine clearance in spinal 
cord injury patients is imperative. 


These attempts to predict creatinine clearance 
more accurately in the spinal cord population have been 
reported. In 1982 Sawyer & Hutchins examined 5 quadri- 
plegics, 9 paraplegics, 2 stroke patients and 2 patients 
suffering from multiple sclerosis. When the lean body 
mass as calculated by Hime (1966) was substituted for 
actual body weight in the Cockcroft and Gault equation, 
the creatinine clearance over prediction error was reduced 
from 31 to 19 percent. 

creatinine clearance = 

i ■ X ocir 


When predicted values of 28 spinal cord injury 
patients in this study calculated by Sawyer and Hutchins 
equation were compared to measured creatinine clearance, 
the values were close to each other as graphically 
represented (Pig - 5, ^ table) . 

In 1983, Mirhamadi & Associates examined the 


Cockcroft & Gault formula in 36 male quadriplegics and 
22 male paraplegics. They applied a correlation factors 
to correct over estimation of measured creatinine clearance 






St 


Creatinine clearance 
(male) 


wt (140-Aqe) x 0,8 
72 X Scr 


Creatinine clearance _ wt (140-Aqe) x 0,6 
(female) 72 x Scr 

When the predicted creatinine clearance by these 

equation were compared to measured# the 50% predicted 

values were slightly lower than measured as graphically, 

shown in Fig -• 6, ^ table. 

In 1986 Mohler and Associates used multi-linear 
regression analysis to generate prediction equations in 
101 spinal cord injury patients (79 male and 22 female, 

including 43 paraplegics and 58 paraplegics) and proposed, 

* 

* 


Creatinine production (Qud) = 16,8 - ,04 I 
Creatinine production (para) = 20,6 - (,045 + ,14A) 


Creatinine 


(I = Interval in months, A = Age (years)) 
CP X wt X 100 


Scr X 1440 


Vftaen the predicted creatinine clearance by Mohler 
and Associates, equation in 28 spinal cord injury patients 
were compared to measured, they were near to each other 
(Fig-7 Sc table) . 

The creatinine production mg/kg/day in paraplegics 
depends upon age and interval since injury. The data in 
this study is also similar for paraplegics to Mohler & 
Associates, In quadriplegics, the creatinine production 



MOHLER 8c ASSOCIATES 
C.Cr. (ml/min) 


Figure - 7 


S') 





depends only upon interval since injury in Mohler and 
Associates study but in the present work creatinine 
production depends upon interval since injury and it is 
inversly perportional to age. 

The data of this present work that the urinary 
creatinine production in spinal cord injury patients are 
decreased than neurologically intact patients are similar 
that of Kaji et al (1990) study and other workers. 
Therefore/ the use of equations or nomograms generated 
from the data of Kampmann and Associates is improper in 
spinal cord injury patients. 

To predict creatinine production in spinal cord 
injury patients one must examine the effect of the type 
of injury/ the interval since injury and the age and sex 
of the patients . In this study the creatinine production 
is not different inherently between quadriplegic and 
paraplegic/ it is also as shown in 1986 by Mohler & Asso- 
ciates/ since very begining the relationship of age with 
creatinine clearance was usual to practice. But it was 
highlighted in 1976 by Cockcroft and Gault in terms of 
lean body mass. Mohler and Associates had reported a 
definite relationship of creatinine production in spinal 
cord injury patients with age and interval since injury. 
This study also suggest that the age and interval since 
injury are important factor in relation to creatinine 
production . 



COMPARISON OF MEASURED & PREDICTED CREATININE CLEARANCES 
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LALLOO SINGH ; 70 : 59.71 : 58.92 : 128.00 : 80.55 





The difference between quadriplegics and 


paraplegics can be explained as follows that interval 
since injury is believed to reflect the degree of muscle 
wastage, wheather caused by reduced die try intake, 
disuse atroply or denervation. The wastage of muscle 
mass must occur at similar rates in both types of spinal 
cord injury. The total muscle mass affected would be 
greater in quadriplegic than paraplegics but the rate c£ 
wastage should be similar. Age reflects activity level, 
which has a direct bearing on muscle mass . 







concLusion 


CONCLUSION 


The present study was carried out on 28 spinal 
cord injury patients including 16 males, 12 females, 15 
paraplegics and 13 quadriplegics . One hundred and twenty 
three age and sex matched, neurologically intact, hospital- 
ized individuals including 54 males and 69 females served 
as controls reported by Kampmann and Associates (1974) , 

The age (years) height (cm)# weight (kg), urinary 
volume (ml) and urinary & serum creatinine (mg%) were taken 
in each individual of study group. 

The creatinine production in study group was 
obtained with the help of urine volume, urinary creatinine 
and weight. And in control group, it was considered as such 
as reported by Kampmann & Associates (1974) . 

In study group, the measured creatinine clearance 
was calculated by serum and urinary creatinine (mg^o) and 
urine volume (ml) . The predicted creatinine clearance was 
estimated by nomograms reported by Kampmann & Associates. 

Following conclusions could be drawn from the 

study : 

lo The difference in creatinine production (mg/kg/day) 

in between study and control group males and females 
both were statistically significant. 


The difference in creatinine production (mg/kg/day) 
in males and females spinal cord injury patients in 
matching age groups was not significant (p7«05). 

The difference in creatinine production (ral/kg/day) 
in paraplegics and quadriplegics was also not ; 

significant (p/ .05). 

The age and interval since injury in spinal cord 
injury patients were inversly perportional to 
creatinine production, . 

j 

The difference in predicted and measured creatinine , 
clearance (ml/min) in males was highly significant 
(pT^.OOI) , The predicted values exceeded by 26,64% 
than measured values . 

The difference in predicted & measured creatinine 
clearance (ml/min) in females was (p/.Ol) statistically 
significant and predicted values were exceeded by 
30,19% than measured. 

The difference in measured creatinine clearance in 
males and females was highly significant (p/,001). 

The difference in predicted creatinine clearance in 
males and females was highly significant (p/.OOl) , 


The difference in measured creatinine clearance 
in paraplegics and quadriplegics was not 
statistically significant (p /Q^2). 
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TrlE EVALUATION OF CREATININE CLEAR/vI-ICS IN SPIMAL CORD 

INJURY PATIENTS 


Guide ; Dr. P.K, Jain, m, NNAJIS 
Investigator ; Dr, Mahipal Singh 

Case NOo 

OPD/MRD No. 

Patientfe name 

Age / Sex : 

Address : 

Occupation ; 

Socio-economic status : 

Physical Activity : 

Marital status : 

Referred by ; 

Chief complaints ; 

1 . 

2 , 

3 . 

HISTORY OF PRESENT ILLNESS 

A. Injury 

Mode Site Duration 

Other injuries (including head injury): 

B. Paralysis 

i. Para/quadriplegia ; 
ii. Duration of paralysis ; 

C . Urination 
Haematuria : 

Automatic Bladder ; 

Autonomous bladder ; 

D. 

PAST HISTORY 

Hypertension 
Tuberculosis 
Recurrent UT I 


Diabetes mellitus 
Renal colic 

Swelling over body/feet 


Dated : 

Ward/Bed : 

D . 0 . • ! 


Active/Sedentary 



Fi;a‘4ILY HISTORY 


Tuberculosis : 

Hypertension : 

Other chronic diseases ; 

PERSONAL HISTORY 

Veg./Non-veg. : 

Any intoxication ; 

HISTORY OF DRUG INTAKE 
Prior to injury ; 

During treatment of injury ; 

PHYSICAL EXi^JilNATION 

General Condition 
Pulse rate 
Temperature 
Resp. rate 
B.P. 

Height 

Weight 

Pallor 

SYSTEMIC EXAMINATION 
RESPIRATORY SYSTEM 

CARDIOVASCULAR SYSTEM 

ABDOMEN 

Tender/nontender ; 

Liver ; 

Spleen : 

Ascites : 

CENTRAL NERVOUS SYSTEM 

Appearance and behaviour : 
Consciousness : 

Orientation in time , 

Place & person. 

Hallucination ; 

Delusions : 

Memory : Speech ; 


Icterus 

Cyanosis 

Clubbing 

Hydration 

Edema 

Lymphadenopathy 

J.V.P. 


Cranial Nerves 5 



Motor System 


A. Bulk : 

Lower extremity : Left 

Circumference of calf 
muscle (10” above from 
medial- melleoli) 

Circumference of 
thigh (10” below from 
ant. iliac spine) 

Upper extremity Left 

3” below from medial 
epicondyl of humerus 

5" above from medial 
epicondyl of humerus 

B . Tone ; 

Lnv;er extremity Left 

Ankle joint 
Knee joint 

Upper extremity Left 

Elbow joint 

C. Power : Left 

Upper extremity 
Lower extremity 

D. Co-ordination : 

E. Involuntary movements : 


Right 




Right 


Right 


Right 


Sensory System : Upper extremity Lower extr emit\ 

Left Right Left Right 

1 . Touch 
2 * Pain 

3 , Temp. 

4, Position 

5 , Cortical sensation 



Reflexes 

A. Superficial ! Left Right 

1 , Planter 

2 , Abdominal 

3, Cremes trie reflex 

4, Bulbocavernous reflex 

5, Anal reflex 

B. Deep ; Left Right 

Ankle 

Knee 

Biceps 

Triceps 

INVESTIGATIONS 
X-ray Vertebral columns ; 

A.P. 

Lateral 
Blood Urea : 

Serum Creatinine : 

24 hours urine creatinine ; 

TREATMEMT 

Conservative 


Surgical 



